Background: According to a recent meta-analysis, 1 out of 10 patients with emergent large intracranial vessel occlusion (ELVO) causing stroke have recanalization after intravenous thrombolysis (IVT) alone. However, rate, clinical outcome, and recanalization pattern of this phenomenon are poorly understood. Objectives and Methods: Patients with ELVO recanalized only by IVT were analyzed, and frequency of recanalization, clinical outcome, safety variables, and reperfusion pattern were assessed. These patients were compared to a group of patients with ELVO who underwent endovascular thrombectomy with or without prior IVT. Results: Successful or sufficient recanalization after IVT alone occurred in 81 of 760 patients (10.6%) with ELVO who had been referred for endovascular thrombectomy. These 81 patients (group 1) were compared to a group of patients receiving endovascular thrombectomy with prior IVT (group 2) or without (group 3). A good clinical outcome at 90 days was seen in 61.7% of patients in group 1, 32.2% in group 2, and 34.5% in group 3 (p < 0.001). The 3 groups had no sig-
nificant differences in intracranial hemorrhage. IVT was not independently associated with symptomatic intracranial hemorrhage, parenchymal hematoma, or subarachnoid hemorrhage. Mortality at 90 days was 9.9% in group 1, 20.7% in group 2, and 29.6% in group 3 (p < 0.001). After adjusting for all relevant variables, outcome and mortality differences were nonsignificant. No difference in the rate of successful reperfusion (modified treatment in cerebral ischemia [mTICI] 2b/3) was found. A reperfusion mTICI 3 was achieved in 18.5% in group 1, 60.7% in group 2, and 57.1% in group 3 (p < 0.001). Patients in group 1 had lower chance of achieving a complete recanalization (mTICI 3) compared to patients in group 2, OR 0.15 (95% CI 0.08-0.29) and in group 3, OR 0.17 (95% CI 0.09-0.32; p < 0.001). Conclusions: Primary IVT in ELVO caused a recanalization rate of 10.6%, making endovascular treatment either unnecessary or impossible. Early recanalization of ELVO with only IVT is associated with a 61.7% independence rate at 90 days and similar successful reperfusion rates (mTICI2b/3) compared to ELVO treated with endovascular treatment, with or without previous IVT. However, recanalization only through IVT achieves a lower rate of mTICI 3 reperfusion when compared to endovascular treatment.
Introduction
Patients with an acute ischemic stroke due to emergent large intracranial vessel occlusion (ELVO) are frequently treated by intravenous (IV) thrombolysis (IVT) prior to undergoing mechanical (mTE) and/or aspiration thrombectomy (aTE).
In 1 out of 10 cases, IVT will result in a recanalization of the previously occluded proximal artery, meaning that aTE/mTE will not be necessary or even possible [1] . Little is known about the clinical outcomes and reperfusion patterns of these patients. Our aim is to describe the frequency, clinical outcome, and angiographic pattern of recanalization of this phenomenon and to compare these patients with those on whom aTE/mTE was performed.
Materials and Methods

Patient Selection
Using a prospective stroke database, where we collect all the patients referred to our interventional neuroradiology department in order to receive endovascular treatment, we were able to identify n = 3,200 patients who had been referred for treatment because of an acute ischemic stroke due to ELVO, between February 2007 and January 2019. From this pool, we retrospectively selected patients whose occluded proximal artery had recanalized after IVT, making aTE/mTE either unnecessary or impossible (e.g., due to distal thrombus migration). In total, 35 patients treated in 2007 were excluded because of lack of treatment data with IVT. We calculated frequency of recanalization with only IVT by dividing the number of patients with ELVO that recanalized only with IVT (and did not receive endovascular treatment) by the total number of patients with ELVO that had received IVT. Our hospital is a certified comprehensive stroke center, providing endovascular service for 13 regional stroke units. The local Ethics Committee approved the data collection and analysis.
In this paper, we present the medical history, vessel occlusion as well as clinical and angiographic outcomes of those patients with ELVO for whom recanalization happened following IVT alone (recombinant tissue plasminogen activator [rtPA, alteplase] 0.9 mg/kg IV given in standard recommendation). The patients' clinical characteristics were assessed using medical history registries and a modified Rankin Scale (mRS) before stroke. The time of stroke was also noted; if this was unknown, it was defined as the last time the patient was seen well. National Institute of Health Stroke Scale (NIHSS) prior to digital subtraction angiography (DSA) was considered as value for analysis and comparison between the groups. As many patients are transferred to our hospital for mTE from other centers, where they could possibly have received IVT, the initial NIHSS assessment from the referring hospital was compared to the NIHSS result before DSA at our center. A difference of 4 points or fewer was considered nonsignificant. Changes of > 4 points in NIHSS were deemed early clinical improvement or worsening.
We also carried out a retrospective study comparing the above patients (recanalization following IVT alone, group 1, n = 81), regarding clinical and angiographic outcome, with a group of ELVO patients who, during 2016-2017, underwent aTE/mTE without stent implantation, with prior IVT (group 2, n = 122) or without prior IVT (group 3, n = 226). As endovascular treatment technique and materials have evolved during the last years, we chose a consecutive group of patients treated uniformly with a standardized technique (thrombectomy with stent retriever pREset ® [phenox, Bochum, Germany] with aspiration or only aspiration with Sofia ® [Microvention, Aliso Viejo, CA, USA] or 5MAX ® ACE ® [Penumbra, Inc., Alameda, CA, USA] catheters) in order to make the comparison group more homogenous regarding endovascular technique. Exclusion criteria for groups 2 and 3 were: a mRS of 4 or 5 pre stroke, an Alberta Stroke Program Early Computed Tomography Score (ASPECTS) of 0 as well as tandem occlusion requiring stent-angioplasty or intracranial stenting (either for stenosis or thrombus fixation). We assumed that the comparison group of our real clinical practice to the group of ELVO patients that at the time of the angiography had already a recanalization and reperfusion was not going to be balanced regarding clinical characteristics and imaging variables; this imbalance would influence clinical outcome; for that reason a multivariate analysis was planned.
Imaging, Angiographic, and Clinical Variables
Vessel occlusion was confirmed in primary imaging (computer tomography [CT]-angiography [CTA] or magnetic resonance-angiography [MRA]). Presence of early ischemic changes was assessed using ASPECTS. Revascularization was assessed with DSA; in group 1, CTA or contrast-enhanced MRA was possible. Angiographic revascularization was assessed using the modified treatment in cerebral ischemia (mTICI) score. This comprises the following values: grade 0, no perfusion; grade 1, antegrade reperfusion past the initial occlusion, but limited distal branch filling with little or slow distal reperfusion; grade 2a, antegrade reperfusion of less than half of the occluded target artery previously ischemic territory (or target downstream territory [TDT]); grade 2b, antegrade reperfusion of more than half, but less than complete antegrade reperfusion of the TDT; grade 3, complete antegrade reperfusion of the TDT, with an absence of visible occlusion in all distal branches [2] . In group 1, successful or sufficient recanalization was defined as mTICI 2b/3 on the angiography before endovascular treatment or another reperfusion pattern with significant clinical improvement, good collateralization, or impossible endovascular treatment (e.g., due to distal thrombus migration).
Furthermore, for each patient, we noted the following values: time from stroke onset to IVT (time to rtPA), time to intervention (stroke onset up to groin puncture), and time to recanalization (time to end of treatment in groups 2 and 3 and to first assessment of recanalization in group 1). Endovascular treatment was performed with stent retrievers and/or intracranial aspiration as mentioned above.
The clinical outcome was assessed as severity of disability at 90 days according to the mRS. A mRS ≤2 was considered a good clinical outcome [3] .
Further rates that were recorded were: mortality at 90 days, subarachnoid hemorrhage (SAH), and parenchymal hematoma (PH; according to ECASS Classification) in imaging 24-36 h after stroke or symptomatic intracranial hemorrhage (SICH) confirmed Cerebrovasc Dis 2019;48:115-123 DOI: 10.1159/000503850 on neuroimaging (CT or magnetic resonance). A SICH was defined as any type of intracerebral hemorrhage on posttreatment imaging with an increase of at least 4 points on NIHSS (ECASS II) [4] .
Statistical Analysis
Continuous variables were reported as mean with SD or median with interquartile ranges. Fisher's exact test was used for testing the null hypothesis that 2 independent groups do not differ with respect to the distribution of a categorical variable. Mann-Whitney U test was used to compare whether 2 groups differed regarding the distribution of a metric variable. Logistic regression with forward selection was used to determine which characteristics influence the likelihood of an event happening; only patients with complete data in the relevant variables were evaluated in the model. Comparisons were done between groups 1 and 2 and groups 1 and 3; groups 2 and 3 were not compared. The analysis was performed with Stata/IC 14.2 for Windows, and the level of significance was set at a 0.05 level (2-sided).
Results
From a prospective stroke database with 3,165 patients with acute ischemic stroke due to ELVO (February 2007 -January 2019), 760 patients (24%) had received IVT prior to diagnostic DSA and intended intervention ( Fig. 1 ). Out of these IVT patients, 664 patients (87.3%) underwent catheter angiography and endovascular treatment because of persistence of the occlusion or incomplete recanalization, and 81 patients (10.6%, frequency of successful/sufficient recanalization of ELVO with only IVT in our center) underwent catheter angiography where the IVT recanalized the proximal artery making aTE/mTE either unnecessary or impossible (e.g., due to distal thrombus migration). In 15 patients, the endovascular treatment was not performed because of a reason different to recanalization due to IVT: 1 patient with an occlusion of left middle cerebral artery (MCA)-M2 in MRA and transient neurologic deficit declined DSA and eventually an endovascular treatment after being transferred; in 4 of them, DSA was not performed: 2 patients needed cardiopulmonary resuscitation, 1 patient had an already demarcated infarct, one had a chronic occlusion with a small peripheral embolism; in 1 patient, the reason was an acute occlusion with good collaterals that could not be reached endovascularly after a long time; in 8 cases, there were chronic occlusions; 1 patient had a spontaneous recanalization in CTA already before IVT and DSA showed no ELVO.
The 10.6% rate of successful/sufficient recanalization only with IVT found in our study varies if the patient had been transferred from a referring center where IVT was given, 9.3% (n = 71) or if the patient was a direct admission to our center (direct presenter), 1.3% (n = 10) recanalization rate, respectively.
The clinical characteristics of the patients who experienced ELVO recanalization after only having undergone IVT (group 1) are described and compared in Table 1 with the subgroups of patients with ELVO who had undergone mTE/aTE with (group 2) or without previous IVT (group 3). The patients in group 1 had lower NIHSS and higher ASPECT scores than groups 2 and 3 and were also younger and with male dominance compared to group 3.
The patients in group 3 had more frequently unknown stroke onset and an mRS > 2 prestroke and patients in groups 2 and 3 had a significantly longer time to recanalization compared to group 1. Occluded vessels in group 1 were mostly MCA occlusions, followed by occlusions of posterior circulation (16% basilar artery and 2.5% vertebral artery). In groups 2 and 3, most cases were MCA occlusions followed by carotid-T, ICA intradural, or tandem occlusions. MCA occlusions and posterior circulation occlusions were significantly more frequent in group 1 compared to 2 and 3 and carotid-T, ICA intradural, or tandem occlusions in groups 2 and 3 compared to group 1.
Patients in group 1 received complete dose of rtPA in 95.1%. The group 2 dose of IVT was incomplete in 19.7%. In total, 87.7% of patients with ELVO and recanalization only through IVT (group 1) were transferred to our hos-pital from a referring center where IVT had been given. About 29.6% had an early clinical neurological improvement, 8.6% a clinical worsening, 1.2% had fluctuating improvement rates, and 60.5% remained clinically unchanged after IVT and after transfer.
Safety variables, clinical and angiographic outcomes are shown in Table 2 . A good clinical outcome (mRS ≤2) at 90 days was seen in 61.7% of patients in group 1, compared to 32.2 and 34.5% of patients in groups 2 and 3, respectively (p < 0.001). A good clinical outcome (mRS ≤2) was significantly associated with male gender, smoking, higher ASPECT score, lower NIHSS, lower time to intervention, and time to recanalization. A worse clinical outcome (mRS > 2) was significantly associated with age, unknown stroke onset, PH, and SAH. After adjusting for all the relevant variables in the multivariate analysis, the difference in clinical outcome between group 1 and groups 2 and 3 was no longer significant (Table 3a) .
With regard to safety variables, SICH was 2.5%, PH 5.8%, and SAH 7.4% in group 1. There were no significant differences in these variables in groups 2 and 3, where the values were 3.3, 5.7, and 9.8% and 1.3, 6.3, and 9.5%, respectively. IVT in groups 1 and 2 was not independently associated to PH, SICH, or SAH. Mortality at 90 days was lower in group 1 at 9.9%, compared to 29.6% in group 3 (p < 0.001) and 20.7% in group 2 (p = 0.052). After adjusting for all relevant variables in the multivariate analysis, the difference was no longer significant (Table 3b) .
Recanalization in group 1 was assessed with DSA in 97.5% of patients and with contrast-MRA or CTA in 2.4% (both basilar occlusions, one with CTA, as mTICI2b scored, and one with CE-MRA, as TICI3 scored); in groups 2 and 3 was assessed with DSA in 100%. Regarding the pattern of recanalization in the groups, there were no significant differences in the rate of successful recanalization, taken as mTICI grade 2b or 3. In group 1, only 18.5% of patients (n = 15) achieved a mTICI 3 -complete recanalization, which was significantly lower than group 2 and 3's equivalent rates of, respectively, 60.7 and 57.1% mTICI 3 recanalization (p < 0.001). Patients with ELVOs that recanalized only with IVT had lower chance of achieving a complete recanalization (mTICI 3) compared to patients with ELVOs receiving mTE/aTE with previous IVT (group 2, OR 0.15 [95% CI 0.08-0.29]) or without (group 3, OR 0.17 [95% CI 0.09-0.32]). Conversely, group 1 had a sixfold chance of achieving an incomplete recanalization (mTICI 0-2b), compared to group 2, OR 6.67 (95% CI 3.45-12.50), and compared to group 3, OR 5.88 (95% CI 3.13-11.11), p < 0.001 (Table 3c) .
Receiving IV rtPA with or without mTE/aTE (patients from groups 1 and 2) led to mTICI3 in 43.8% compared to patients in group 3, which did not receive IVT, 57.1% (OR 0.59, 95% CI 0.40-0.86; p = 0.007).
The reasons for leaving a non mTICI 3 recanalization score in 66 patients of group 1 are elucidated in the following:
In 42 patients (63.6%), the residual occlusion was not easily accessible for endovascular treatment producing a cuneiform perfusion defect distal to the occluded vessel. This defect was scored in 37 patients as recanalization pattern mTICI 2b. In 2 patients with a M2-3 occlusion in CTA, this remained exactly or almost exactly the same after IVT and scored mTICI 0 in 1 patient and mTICI 1 in the other patient. Following IVT, an MCA occlusion in the M1-segment in 2 patients turned into an occlusion in the truncus superior in 1 patient and the truncus inferior in the other patient with collaterals, scoring mTICI2a. One T occlusion ended up with distal embolisms in the anterior cerebral artery (A2-segment) and in the distal M2-segment (parietal posterior, noneloquent) with peripheral emboli in the entire MCA territory; this was scored as mTICI 2a. In 19 patients (28%), there were peripheral emboli with no cuneiform defect, corresponding to mTICI 2b.
In 3 patients, there was a tandem occlusion, and after IVT persisting extracranial occlusion, and intracranial occlusion, which recanalized after IVT or with good leptomeningeal collaterals achieving a grade mTICI 2b.
Two patients with a basilar occlusion after IVT eventually achieved mTICI 2b containing a small non-occlusive thrombus.
Discussion/Conclusion
According to the current guidelines, rtPA should be offered to all eligible patients with ELVO before attempting endovascular treatment. In patients under consideration for mTE, observation after IV alteplase to assess for clinical response should not be performed.
Patients should be transferred as fast as possible, in spite of concerns about a futile transfer [5] . In our study, clinical status after IVT is not a reliable predictor of successful recanalization in patients who had experienced recanalization after just IVT; a clinical improvement was seen in only 29.6% of these patients. In the literature, 41% of the interhospital transfers were reported to have been futile [6] , with 48% of these patients showing either clinical improvement or arterial recanalization; this equals 20% of total transfers, highlighting that IVT administration cannot predict either clinical improvement or arterial recanalization after interhospital transfer [6] .
In our study, patients that recanalized only with IVT had a lower NIHSS prior to angiography in comparison to the groups that received adjunctive thrombectomy, this is probably because the recanalization had already occurred. In our population, IVT with alteplase caused a successful or sufficient reperfusion in 10.6% of patients with ELVO referred to endovascular treatment. This low rate emphasizes the need of endovascular treatment in patients with ELVO receiving IVT. According to a previous meta-analysis of randomized controlled trials and observational cohorts, successful recanalization (mTICI 2b/3 or significant clinical improvement suggestive of successful recanalization) after IVT prior to endovascular treatment occurs in 11% (95% CI 7-16%) of patients with ELVOs and in studies which exclude tandem occlusions, this occurs in 17% of patients, (95% CI 11-23%) [1] . Series only focusing in patients treated with IVT report a much higher recanalization rate of 20% (95% CI 15-26), varying according to occlusion site: this has been reported to be 38% in the distal MCA region, 35% in the proximal MCA, 13% in the ICA, and 13% in the basilar artery [7] . The variability in the rates could be explained by the time of measurement of recanalization, the use of different recanalization scales (e.g., report of recanalization of occluded vessel and not reperfusion rate or use of original TICI scale vs. mTICI scale), and diagnostic tools to assess reperfusion (e.g., transcranial Doppler or TOF-angiography might underdiagnose distal embolisms). The lower recanalization rate of IVT in our stroke population and also in the aforementioned meta-analysis [1] is probably due to the underreporting of patients that have an early improvement after IVT and therefore remain in their original hospitals. Another cause could be the fact that direct presenters with ELVO in centers that offer thrombectomy also receive prior IVT, in which rtPA has less time to work, or they do not receive the complete doses. Recanalization after IVT occurred in patients who were direct presenters in our center only in 1.3%, much lower than recanalization with only IVT in patients transferred from other centers, 9.3%, in which rtPA had more time to work.
Patients with ELVO that recanalize after just IVT tend to achieve a very high functional independence rate at 90 days; this was the case in 61.7% of the patients. Recent meta-analysis of 5 randomized controlled studies (stent-based thrombectomy versus IVT) [8] , considering functional outcome in patients with ELVO treated only with IVT showed functional independence at 90 days in 26.46% of the patients. This also includes the patients that did not experience recanalization, which explains the lower functional independence rate compared to ours. In our own dataset, the mortality and SICH rates of patients with ELVOs, which recana-lized after just IVT were also lower (9.9 and 3.3%, respectively), than in patients treated with just IVT in the meta-analysis (18.7 and 8.6%, respectively) [8] . Although a direct comparison is not possible, the functional outcome of our group 1 was better, and mortality and SICH lower than in the thrombectomy group in the meta-analysis [8] , in which 46.1% experienced independence, 15.3% mortality, and 7.8% SICH. In comparison, our patients with ELVO that recanalized after just IVT had a lower average stroke severity score (NI-HSS 9 vs. 16.4 in the reported meta-analysis), most had an MCA occlusion that generally has a better recanalization rate [7] and also had higher ASPECTS and shorter time to IVT, both of which associated with an expected good clinical outcome. In our study, groups 2 and 3 represent older patients who generally had a worse mRS pre stroke, lower ASPECTS, more tandem occlusions, or carotid T occlusions, which are known to recanalize later. All those factors influence the clinical outcomes and this all goes toward explaining why their rate of independence at 90 days is lower than group 1. After adjusting for all these variables, ELVO recanalization through IVT alone was not independently associated with a higher chance of a better outcome compared to endovascular treatment with or without previous IVT in our population.
In our study, patients with ELVO that recanalize with only IVT achieve a very high rate of successful recanalization and reperfusion, mTICI2b/3 (in 92.6%), most of them mTICI2b. With regard to successful recanalization and reperfusion rate (mTICI2b/3), there were no differences between groups 2 and 3 and group 1 in our study. However, achieving a complete reperfusion of mTICI 3 is less likely if an ELVO recanalizes after just IVT. The likelihood of a complete reperfusion of mTICI 3 is higher if recanalization was caused by mTE/aTE with or without bridging with IVT.
The purpose of a thrombectomy maneuver is to remove the complete intracranial thrombus under proximal aspiration, reducing the risk of distal emboli in the previously ischemic territory of the occluded target artery. On the contrary, IVT causes lysis and fragmentation of the thrombus, dislodging smaller thrombus into smaller distal vessels where the lysis continues. In patients with ELVO that recanalizes only through IVT, our study observes that although IVT can achieve a proximal recanalization, a distal recanalization produces a cuneiform defect in 63.6% of cases or peripheral embolisms without cuneiform defect in 28%. However, these perfusion defects do not seem to be associated with a DOI: 10.1159/000503850 worse clinical outcome in our study, as measured with mRS at 90 days.
Nowadays, some controversies exist as to whether IVT prior to mTE, "bridging," versus mTE alone are similar [9] or bridging IVT before mTE is superior [10] . Bridging may be associated with facilitating a thrombectomy and with lysis of distal thrombi [11] . These effects are occlusion site-dependent, easier thrombectomy (favored successful recanalization and first pass success) in distal, but not in proximal, MCA occlusions, with lower rate of complete reperfusion (TICI 3) [12] . In our study, IVT prior or not to mTE/aTE was not independently associated to clinical outcome, safety variables, or successful recanalization rate; however, mTICI 3 was less frequently achieved.
The technical goal of a thrombectomy procedure should be a TICI grade 2b/3 angiographic result [5] ; however, successful reperfusion of mTICI 3 is associated with greater neurological improvement during hospitalization and better functional outcome at 90 days in comparison to mTICI 2b and reduced infarct growth [13] [14] [15] . According to this, although a good functional outcome measured by mRS at 90 days was observed in our study in patients with ELVO that recanalized after just IVT, this resulted less frequent in a mTICI 3 reperfusion, the real prognosis is unknown and other deficits -not measured by mRS -could be possible, such as cognitive impairment, as has been reported from microembolization following carotid interventions [16] .
Our study does not pretend to be a case -control study, but aimed to describe characteristics of patients with ELVO that recanalize with only IVT and to compare them with a group of patients with ELVO treated in "real clinical practice," outside limitations of clinical trials (mRS pre stroke, lower basal ASPECTS, longer time to intervention, and so on); multivariate analysis was done to adjust all those imbalances. To our knowledge, this is the first report of detailed analysis of reperfusion in patients with an ELVO recanalizing after just IVT and suggests that assuming a complete reperfusion of a proximal ELVO in these patients by only considering clinical improvement or the recanalization of the proximal ELVO is not a real measure of reperfusion. Incomplete reperfusion is more frequent in patients with an ELVO with recanalization after just IVT. A score mTICI2b, also considered a successful recanalization, has no translation in mRS at 90 days, but the meaning of distal peripheral emboli or a cuneiform perfusion defect should not be underestimated or neglected. The limitations of our study include an un-derestimation of recanalization rate by IVT caused by underreporting of patients with very early neurological improvement. An incomplete dose of IVT given in 5% of patients in group 1, and 19.7% of patients of group 2 could also underestimate the reperfusion rate.
In conclusion, pretreating an ELVO with IVT may cause a recanalization in 10.6% of cases, making endovascular treatment unnecessary. Early recanalization of ELVO with only IVT is associated with a very high functional independence rate at 90 days and similar successful reperfusion rates (mTICI2b/3) compared to ELVO treated with endovascular treatment, with or without previous IVT. However, recanalization only through IVT achieves a lower rate of mTICI 3 reperfusion compared to endovascular treatment.
